Numerous studies, observational as well as randomised, have been performed to assess the association between aspirin intake and cancer risk and mortality. Evidence is growing that daily aspirin intake for 5 years or longer reduces the risk of death of cancer for several common cancers, notably colorectal and lung ([@bib10]). This mortality benefit may partially be explained by reduced risk. Notably, however, Women\'s Health Study ([@bib5]), a randomised study of ∼40 000 participants, did not show benefit of aspirin *vs* placebo for cancer risk reduction. An earlier study from the Nurses\' Health Study cohort also reported null effects of aspirin on breast cancer risk ([@bib6]). Reduced risk of colorectal cancer ([@bib11]; [@bib12]) was established in a meta-analysis of randomised studies, where both low-dose (75--300 mg daily) and high-dose aspirin (⩾500 mg daily) were attributed positive effects, primarily for long-term intake. Thus, so far convincing findings of an association between aspirin and reduced cancer incidence and mortality have mainly come from randomised trials, originally designed to examine the effect of aspirin on vascular disease ([@bib14]). Evidence from observational studies has been pointing to the same direction, but the results across studies have been heterogeneous, notably for non-colorectal cancers, such as breast, prostate and lung ([@bib3]; [@bib13]).

Reduced mortality among aspirin users may also be explained by improved prognosis among those that develop cancer. For colon cancer patients, several studies have found an association between improved survival and postdiagnosis use of aspirin ([@bib4]; [@bib2]). Similarly, for breast cancer, [@bib7] found an association with a decreased risk of distant recurrence and breast cancer death. We aimed to further explore this question using a population-based approach by comparing the tumour characteristics of incident cancers among low-dose aspirin users and non-users in Sweden during 2006--2009. Better tumour characteristics in terms of extent/size (T), nodal involvement (N) or distant metastasis (M) are directly related to better prognosis and may suggest some early protective effects of aspirin use. As it uses no follow-up information after cancer diagnosis, the analysis of tumour characteristics is simpler and more transparent than the analysis of survival after diagnosis. Thus, in this study, we hypothesised that the use of low-dose aspirin is associated with better tumour characteristics in four common cancers, including colorectal, lung, prostate and breast cancers.

Methods
=======

Cancer incidence and TNM values
-------------------------------

Cancer registration in Sweden is mandated by law since 1958, estimated to have ∼96% coverage of all malignancies ([@bib1]). Stage information, in terms of tumour extent/size (T), nodal involvement (N) and metastatic status (M), is available since 2004. Our study was approved by the Ethical Committee of the Karolinska Institutet. Among all available cancer reports between 1 July 2006 and 31 December 2009 in the Swedish National Cancer Register, we identified 17 041 colorectal cancers (10 917 colon and 6124 rectum), 9766 lung cancers (944 small cell, 4080 non-small-cell adenocarcinoma, 1846 non-small-cell squamous, 2144 non-small-cell unspecified and 752 other), 29 770 prostate cancers and 20 299 breast cancers. All of these reports referred to primary cancers, and we excluded individuals with previous cancers. For each cancer case, we collected information on age, gender, the date of diagnosis and the individual TNM variables. [Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"} show the number of cancer reports with available information on tumour characteristics, with respect to cancer type and TNM characteristics.

Aspirin prescription
--------------------

Information on low-dose aspirin use was obtained from the Swedish Prescribed Drug Register ([@bib15]), which had national coverage from mid-2005. This register covers all drugs sold and dispensed by prescription at Swedish pharmacies to patients with personal identification numbers. Drugs given to patients in hospitals are not included, and the coverage for drugs given in nursing homes is not complete. However, these places account for only a small portion of drug use. For example, for drugs acting on blood and blood-forming organs (ATC codes starting with 'B\'), 95% of all defined daily doses (DDDs) sold in Sweden were covered in the prescription register during its first 6 months, whereas 4% were sold to hospitals/nursing homes and 1% sold over the counter without needing prescription.

We found a total of 17 219 552 records of the low-dose aspirin prescription (ATC code B01AC06) between 1 July 2005 and 31 December 2009. During this period, 79% of B01AC06 tablets sold in Sweden contained 75 mg aspirin and the rest contained 160 mg. When we analysed the prescription patterns, 96% of all users in this time period were, in fact, prescribed one tablet per day, so there was little variation in the amount used by the patients. So, for our main analyses, we simply dichotomised the study subjects to users and non-users of aspirin. Reasons of prescription were not available in the register; however, in Sweden, low-dose aspirin was at the time prescribed for secondary prevention of myocardial infarction and stroke, not for cancer-related symptoms, so we do not expect any confounding by indication.

We also performed sensitivity analyses to assess the effects of (i) 1-year limit on aspirin use prior to diagnosis and (ii) binary classification of users *vs* non-users of aspirin. For the effects of aspirin use prior to diagnosis, in [Supplementary Table 1](#sup1){ref-type="supplementary-material"}, we present similar statistical analysis for which aspirin prescriptions preceding diagnosis with 2 years were available. For binary classification of users *vs* non-users of aspirin, we also categorised all cases as non-users and less-frequent and frequent users considering the amount prescribed in units of DDD, accumulated over the 1-year period prior to the diagnosis. According to WHO, DDD is the 'assumed average maintenance dose per day for a drug used for its main indication in adults\'. For low-dose aspirin, one DDD means one tablet, whereas the amount of aspirin per tablet can vary (in most cases 75 mg in Sweden; see above). In the resulting statistical analysis ([Supplementary Table 2](#sup1){ref-type="supplementary-material"}), individuals were categorised as less-frequent and frequent users according to whether the accumulated 1-year mean dose reached one per day, assuming the last prescribed dose before the 1-year interval distributed uniformly until the next prescription date and including the last prescribed dose before diagnosis in the total accumulated dose.

Age, gender, education and place of residence
---------------------------------------------

Potential confounders in the analyses included age (obtained from the Cancer Register and categorised into \<45 and \>85 years and 5-year intervals in between), gender (from the Cancer Register), education status (from the Education Register; categorised into 0--9 years of education, middle school, university or higher) and place of residence (from the Cancer Register; categorised into rural and non-rural). Both aspirin prescription and cancer risk are age dependent, so age was expected to be a confounder. Educational level and place of residence are correlated with unmeasured confounders such as smoking and other lifestyle factors for which we did not have information in the national registers.

Statistical analysis
--------------------

Adjusted analysis of the association between aspirin use and tumour characteristics was performed using polytomous logistic regression, with tumour characteristic as outcome and aspirin use, age, gender, education status and place of residence as predictors. All estimated odds ratios (ORs) refer to aspirin users *vs* non-users as reference group. For outcomes with multiple categories (such as T or N), the odds refers to the probability of higher code divided by the probability of the lowest code (e.g., T4 *vs* T1). Individual ORs are presented with 95% confidence intervals (CIs).

Results
=======

Use of low-dose aspirin was ∼26% among colorectal, lung and prostate cancer patients but ∼14% among breast cancer patients ([Table 1](#tbl1){ref-type="table"}). We note that the association between aspirin use and cancer is typically confounded by age, so comparisons of crude rates are misleading. Overall, after adjustment for age, gender (where applicable), education status and place of residence, we saw significant associations between aspirin use and tumour extent (*P*\<0.0001) in colorectal and lung cancers but not in prostate and breast cancers (*P*\>0.05). In both colorectal and lung cancers, the use of low-dose aspirin is associated with ∼30% reduction in the odds of getting a T4 tumour (OR ∼0.7, 95% CI 0.6--0.8, for T4 *vs* T1). Association with nodal involvement (N) for all cancers was nonsignificant. Adjusted association of aspirin use with fewer metastases (M) was significant for colorectal and lung cancers (OR ∼0.8, 95% CI 0.7--0.9) and for breast cancer (OR ∼0.6, 95% CI 0.5--0.9) but not for prostate cancer (OR ∼0.9, 95% CI 0.8--1.0).

Dividing colorectal cancer into colon and rectum cancers ([Table 2](#tbl2){ref-type="table"}), the previously reported associations for tumour extent and distant metastases were equally present in both subgroups (*P*\<0.0001 for T in both cancers, and *P*\<0.0001 and 0.009 for M, respectively), but with diminished significance for rectum metastasis (M) due to lower sample size. Thus, we observed a statistically significant reduction of ∼30% in the odds of T4 *vs* T1 colon cancers, a corresponding ∼50% reduction for rectum cancers and a statistically significant reduction of ∼20% and ∼30%, respectively, in the odds of metastases for aspirin users.

We divided the lung cancers into three major subgroups: small cell, non-small-cell adenocarcinoma and non-small-cell squamous-cell carcinoma ([Table 2](#tbl2){ref-type="table"}). Consistently significant association for tumour extent (T) was obtained only for the non-small-cell adenocarcinoma (OR ∼0.6, 95% CI 0.5--0.8). For the squamous-cell carcinoma, only the highest T3 category is significant (OR ∼0.6, 95% CI 0.4--0.9). The lack of significant results was partly due to the fact that the numbers of small cell and non-small-cell squamous cancer reports were smaller than the number of non-small-cell adenocarcinomas. For the adenocarcinoma, we observed the only significant association with reduced nodal involvement among aspirin users, with OR ∼0.7 (95% CI 0.5--0.9). Finally, there was a near-consistent significant reduction of ∼20--30% in the odds of metastasis among the aspirin users across the three lung cancer subgroups.

Discussion
==========

We found coherent and significant association between low-dose aspirin use in the year prior to cancer diagnosis and tumour extent (T) in colorectal and lung cancer patients but not in prostate or breast cancer patients. Except for a borderline significance in prostate cancer, there was a consistent association between aspirin use and distant metastasis (M) across colorectal, lung and breast cancers, including the subgroups of colorectal and lung cancers. Generally, we did not observe any association between low-dose aspirin use and nodal involvement (N). When analysed separately, the patterns for colon and rectum cancers were similar. Among lung cancer histological groups, the pattern was clearest within the non-small-cell adenocarcinoma subgroup, but the numbers of the other subgroups were more limited; moreover, we saw a consistent reduction of the rate of metastasis among aspirin users across the subgroups.

Assuming that the adjustment by age, gender, education status and place of residence was adequate to deal with potential confounders, the results imply that low-dose aspirin users among colorectal or lung cancer patients have a survival advantage *vs* non-users. This protective effect would then partially account for the cancer mortality benefit of aspirin use. Observing the differences of tumour extent at diagnoses suggests protective effect early in cancer progression in colorectal and lung cancers. Early protective effects of aspirin on cancer progression suggest that aspirin may be useful in chemoprevention. The near-consistent findings of lower metastatic disease may also suggest that aspirin is also beneficial at later stages of cancer progression. Finally, what is to make of the intriguing lack of association with nodal status for all cancers? One possible explanation could be that one benefit of aspirin is due to its antiplatelet property; involvement of platelet in cancer is well known (e.g., see [@bib9]), but platelet is not found in the lymphatic system, so here aspirin lacks a key substrate to exert its effects.

The beneficial effects of aspirin were previously shown to come after long-term use (e.g., see [@bib10]). It is a weakness of this study that we did not have long enough follow-up to assess long-term exposure, but we may consider the exposure in the year prior to diagnosis as a proxy variable, as a portion of the users is likely to be long-term users. It is expected that this weakness attenuates the true drug effects, leading to a conservative analysis, with significant results suggesting a larger effect than the observed estimate. We performed a sensitivity analysis by using a 2-year limit prior to diagnosis as the exposure period ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}); the results were broadly similar, although we lost some power due to lower number of events.

Another weakness, given our dependence on the Prescribed Drug Register, is the lack of information on compliance. Thus, although we know that the drug was dispensed to the patients, we cannot tell for sure whether it was taken daily, less regularly or not taken at all. Again, it is expected that the impact might attenuate the true drug effects.

As a third weakness of the study, the information on TNM status was incomplete for a portion of the cancers, mostly due to Tx, Nx or Mx codes, meaning they were 'not assessed\'. For colorectal cancer, the rate of incompletion was highly similar between users and non-users of aspirin. For the other cancers and across the TNM variables, the incompletion among users of aspirin was 1--7% higher than among non-users. However, we suspect that when a cancer TNM status was not assessed, then it was likely to be of the lower category; for example, Mx was more likely to be M0 rather than M1. This means that had the data been complete, we would probably see a larger proportion of lower categories. Consequently, we might then have seen a larger protective effect of aspirin, as the incompletion was higher among users of aspirin.

The strength of the study is that it is a large population-based study of the whole Swedish population. Hence, it captures the real effects of aspirin when used widely in an open population, with no issue of preselection or inclusion/exclusion criteria imposed as in clinical trial samples. Alas, as a common weakness of observational studies, we cannot rule out confounders beyond those we have adjusted for. We observed a clear value of adjusting for age, gender and education with respect to the following two effects: (i) for both prostate and breast cancers, before adjustment, tumour extent was unexpectedly worse for aspirin users but not after adjustment; (ii) for lung tumour extent, the association was not significant before adjustment but significant in the expected direction after adjustment.

Another strength of the study was that we analysed four common cancers and three characteristics together so that the results can immediately be compared with each other. As an example, if one argues that the result for tumour extent was due to some potential confounding factor, then one must also explain why such confounding did not affect nodal involvement. Similarly, if the results for colorectal and lung cancers were due to some potential confounding, then such confounding should not affect prostate and breast cancers in the same way. One potential confounding was a differential surveillance between aspirin users and non-users. In Sweden, we have opportunistic screening of prostate cancer with PSA testing and a nationwide mammographic screening program for breast cancer but no comparable screening for colorectal and lung cancers. It was conceivable that, because of screening, both aspirin users and non-users get equal surveillance for prostate and breast cancers, whereas for colorectal and lung cancers, aspirin users received more medical attention, thus higher surveillance. This is a difficult issue, but there are several arguments against surveillance bias being the explanation of our results. First, the annual uptake of PSA screening among Swedish men aged 55--69 years peaked at 12% in 2004 and declined to 7% in 2007 ([@bib8]), so screening cannot fully equalise the surveillance level between users and non-users of aspirin. Second, from the analyses of randomised studies, for which there was no surveillance bias, there was a significant association between aspirin use and distant metastasis for colorectal cancer ([@bib12]), so we have observed a consistent result. Third, as commented above, we can ask that if the result of lower tumour extent in colorectal and lung cancers was due to higher surveillance in the aspirin group, then why did we not get a similarly lower rate of nodal involvement.

In summary, we found evidence that the use of low-dose aspirin in the year prior to diagnosis was associated with better tumour extent for colorectal and lung cancers, but not for prostate and breast cancers, and was associated with lower metastatic disease for colorectal, lung and breast cancers. This result partially explains the mortality benefit of aspirin use observed particularly in colorectal and lung cancers; it may also suggest early and late protective effects and, consequently, a potential use of aspirin for chemoprevention and cancer therapy.
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###### 
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###### Observed counts of aspirin users and non-users, stratified by tumour extent (T), node status (N) and distant metastasis (M) categories, for colorectal, lung, prostate and breast cancer cases (1 July 2006 to 31 December 2009)

                   **T1**        **T2**           **T3**           **T4**       **N0**       **N1**           **N2**           **N3**       **M0**       **M1**
  ---------------- -------- ---------------- ---------------- ---------------- -------- ---------------- ---------------- ---------------- -------- ----------------
  **Colorectal**                                                                                                                                    
  No aspirin       793            1505             5749             1947         5280         2310             2098                          6958         2281
                               1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)                                 1.0 (ref.)
  Aspirin          310            633              1929             554          1894         790              599                           2527         605
                             1.0 (0.8--1.2)   0.8 (0.7--0.9)   0.7 (0.6--0.8)            1.0 (0.9--1.1)   0.9 (0.8--1.0)                             0.8 (0.7--0.9)
  **Lung**                                                                                                                                          
  No aspirin       677            1308             435              1528         1536         293              1113             921          2014         1894
                               1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)
  Aspirin          272            507              171              514          589          118              390              324          845          589
                             0.8 (0.7--1.0)   0.7 (0.6--0.9)   0.7 (0.6--0.8)            1.1 (0.8--1.4)   0.9 (0.7--1.0)   0.9 (0.8--1.1)            0.8 (0.7--0.9)
  **Prostate**                                                                                                                                      
  No aspirin       10 181         6137             3199             553          1191         331                                            3323         1205
                               1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)                                                  1.0 (ref.)
  Aspirin          3061           2417             1565             249          342           84                                            1276         528
                             1.1 (1.0--1.1)   1.1 (1.0--1.1)   0.9 (0.7--1.0)            0.8 (0.6--1.1)                                              0.9 (0.8--1.0)
  **Breast**                                                                                                                                        
  No aspirin       7445           4378             748              327         11 000        2850                                          11 473        333
                               1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)                                                  1.0 (ref.)
  Aspirin          1048           884              132               77          1657         447                                            1760          55
                             1.0 (0.9--1.1)   0.9 (0.7--1.1)   0.8 (0.6--1.0)            1.0 (0.9--1.1)                                              0.6 (0.5--0.9)

Abbreviations: CI=confidence interval; OR=odds ratio. Corresponding ORs (with associated 95% CIs) for aspirin *vs* non-aspirin usage are adjusted for age, gender, education and place of residence.

###### Observed counts of aspirin users and non-users, stratified by tumour extent (T), node status (N) and distant metastasis (M) categories, for the groups of colon, rectum, SC, AC and SQ lung cancer patients (1 July 2006 to 31 December 2009)

                 **T1**       **T2**           **T3**           **T4**       **N0**       **N1**           **N2**           **N3**       **M0**       **M1**
  ------------- -------- ---------------- ---------------- ---------------- -------- ---------------- ---------------- ---------------- -------- ----------------
  **Colon**                                                                                                                                      
  No aspirin      454          723              3953             1438         3490         1500             1415                          4355         1496
                            1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)                                 1.0 (ref.)
  Aspirin         179          349              1432             456          1337         565              425                           1674         411
                          1.0 (0.8--1.3)   0.8 (0.7--1.0)   0.7 (0.6--0.9)            1.1 (0.9--1.2)   0.9 (0.8--1.1)                             0.8 (0.7--0.9)
  **Rectum**                                                                                                                                     
  No aspirin      339          782              1796             509          1790         810              683                           2603         785
                            1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)                                 1.0 (ref.)
  Aspirin         131          284              497               98          557          225              174                           853          194
                          0.9 (0.7--1.2)   0.7 (0.5--0.9)   0.5 (0.4--0.7)            1.0 (0.8--1.1)   0.9 (0.7--1.1)                             0.7 (0.6--0.9)
  **Lung SC**                                                                                                                                    
  No aspirin       23           74               34              244           48           15              135              163          127          245
                            1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)
  Aspirin          12           31               32               88           22           11               50               73           69           94
                          0.8 (0.4--2.0)   1.9 (0.8--4.7)   0.8 (0.4--1.7)            1.9 (0.7--5.2)   0.9 (0.5--1.7)   1.2 (0.6--2.2)            0.7 (0.6--0.9)
  **Lung AC**                                                                                                                                    
  No aspirin      413          642              158              593          799          131              475              379          895          900
                            1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)
  Aspirin         177          212               52              172          288           56              152               98          347          248
                          0.6 (0.5--0.8)   0.6 (0.4--0.8)   0.6 (0.5--0.8)            1.2 (0.8--1.8)   0.8 (0.7--1.1)   0.7 (0.5--0.9)            0.8 (0.7--0.9)
  **Lung SQ**                                                                                                                                    
  No aspirin       81          293              118              317          350           75              229              136          522          264
                            1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)       1.0 (ref.)       1.0 (ref.)                1.0 (ref.)
  Aspirin          48          152               50              122          167           29               97               68          264          103
                          0.8 (0.5--1.3)   0.7 (0.4--1.2)   0.6 (0.4--0.9)            0.9 (0.6--1.5)   0.9 (0.6--1.2)   1.2 (0.8--1.7)            0.8 (0.6--1.0)

Abbreviations: AC=non-small-cell adenocarcinoma; CI=confidence interval; OR=odds ratio; SC=small cell; SQ=non-small-cell squamous-cell carcinoma. Corresponding ORs (with associated 95% CIs) for aspirin *vs* non-aspirin usage are adjusted for age, gender, education and place of residence.
